Physics of AGN jets in the Fermi era




ctive galactic nuclei (AGN)
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9-yr all-sky map
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(e.g. Mannheim ’95, Halzen & Zas ‘97, Atoyan & Dermer ‘01, Murase+14, Petropoulou+15, Padovani, MP+15, Gao+15)
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Photo-hadronic models ' Hadro-nuclear models
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- Magnetic reconnection
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Magnetized plasma enters the reconnection region role

Plasma leaves the reconnection region at the Alfvén
speed

Magnetic energy is transformed to heat, bulk plasma Bj
kinetic energy and non-thermal particle energy
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it transfers ~ 50% of the flow energy (electro

Efficiency decreases with increasing guide fi




Reconnection Layer

(Credit: I. Christie)
(Sironi, MP, Giannios’ 15; Sironi, Giannios, MP ’16)

The layer fragments into plasmoids (Loureiro+07,PhPI; Uzdensky+10, PhRvL)
Plasmoids move relativistically in the jet frame (e.g. Giannios’09, MNRAS; Giannios ‘13, M

Plasmoids have a power-law distribution of sizes (e.g. Uzdensky+10,PhRVL; Loureiro+11,
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. Each reconnection layer produces
Each plasmoid produces a flare of ) :
g ; a chain of plasmoids
characteristic duration and flux

(Sironi,MP, Giannios ‘15; Sironi, Giannios, MP ‘16
Petropoulou+18; Christie, MP+18)
o =10 (FSRQ-like)
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Fermi is the only mission that can
perform long-term monitoring
of blazar jets.

.Timing analysis of light curves

Fermi’s role in multi-messenger
observations of blazar jets is central,
as demonstrated by the flare of
TXS 0506+056.

.Flare properties
.Cosmic-ray content of jets
.Cosmic-ray acceleration in jets

Synergy of Fermi with Cherenkov
telescopes delivers high-quality
y-ray spectra extending more than

, Fermi as an integral part in the map of
4 decades in energy.

future multi-messenger missions.

.Spectral breaks or attenuation features
-Multiple spectral components
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SSC ——

Inner jet models
Hadronic  mogel1

.Leptonic processes in black-hole magnetosphere : | Cascade  Model2 ----
.SSC from 2 zones

-Millisecond pulsar population

2 -1,
log VF,, (ergcm™ s l)

.DM annihilation
.ICS cascades on dusty tori (Roustazadeh & Boettcher ‘11,

.Photo-hadronic processes

Low neutrino flu
from core

log vF, (erg secfcmzﬁl

.ICS on background photons

Large-scale jet models
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|C/CMB model Electron synchrotron models
(Tavecchio+00, ApJL; Celotti+01,MNRAS) (e.g.Harris+04,ApJ; Hardcastle’06, MNRAS )

eased jet powerTe

observed
synchrotron
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Neutrino spectrum depends on:

0.01 GeVZ/Ey .. 0.05E €

ax

Typical neutrino energies Production efficiency

L L
ph ph
Jet photons: E, ~ 0.05E, > 90PeVTI{(gs/10eV) 1 fpy £,, RO & £,t,0%
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Effective areas of the analyses
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Major GeV flares

No. T (days) v, + 7V, Py >1(%)
Flares la+1b 105 0.61 +0.16 46 + 8 . :
Flare 2 70 032+007 27+5 Without GeV major flares
Flare 3 08 0.26 = 0.05 23+ 4 Season T {days) vy + 7, PNVEI(%)T
Flares 4a+4b 112 0.26 + 0.05 23+ 4 06/2010-05/2011 364 0.43 +0.06 34+ 4
> Flares 385 1.46 + 0.32 77 + 7 06/2011-05/2012 364 0.38 +£0.05 32+ 3

(06/2012-05/2013 37 0.71+0.11 51« 5]

* Similar probability for detecting at leastO¢/# &t ird! from e 20M72 fl8rd aloe anc
* Still <50% 06/2014-05/2015 350  047+0.06 38+4

> w/o Flares 1834* 273 +0.38 94+2
> w Flares 1834 359+060 97+2




Constraining the model
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Dissipation efficiency

Equipartition between pai

Subluminal shocks
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Magnetization

No particle acceleration for super-luminal shock

(Sironi & Spitkovsky, 2009, MNRAS




Move particles under
Lorentz force

Interpolate EM fields on Deposit current from
the gnd to the particles in particle motion in the

the cells "y — particies cells onto the grid
: 3 in the cells

Spatial Domain

Solve for EM_ﬁeids on the
Credit: L. Sironi gnd
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.. Acceleration due to tension force of reconnected B-field
. Universal acceleration profile

. Acceleration depends on: size & location ( Sironi, Giannios, Petropoulou 2016)




Distribution of sizes Distribution of 4-velocities
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